WHAT'S KNOWN ON THIS SUBJECT: Urinary tract infection (UTI) is the most common bacterial infection in febrile infants aged 1 to 90 days. It is unclear if urine microscopy offers significant benefit beyond urine dipstick as a screening test for UTI in this population.
Serious bacterial infection (SBI) occurs in ∼10% to 15% of febrile infants aged 1 to 90 days. [1] [2] [3] Urinary tract infection (UTI) is the most common SBI diagnosed in febrile infants. [4] [5] [6] Institutional practice related to the evaluation of febrile infants varies. At our institution, as in many others, infants aged 1 to 28 days with fever routinely undergo laboratory evaluation for bacterial infection, are admitted to the hospital, and treated with antibiotics regardless of screening test results. In contrast, if screening tests do not suggest SBI, infants aged 29 to 90 days may be managed as outpatients with or without antibiotics until culture results are available. 7, 8 UTI screening methods may include dipstick urinalysis and/or microscopy of centrifuged urine, as well as other methods. 3, 4, [9] [10] [11] Urine dipstick is an inexpensive and rapid screening test that can be performed in office settings and other laboratories and is waived by the Clinical Laboratory Improvement Amendment (CLIA). 12 Dipstick has been shown to perform well in children $2 years old as a screening test for UTI. 13 Microscopic examination of urine requires technicians with special training in laboratories using CLIA-certified methods. 12 Previous studies have questioned the additional benefit of microscopy over dipstick urinalysis in children; however, these studies included few infants 1 to 90 days of age. [14] [15] [16] [17] [18] [19] [20] Although dipstick is rapid, inexpensive, and does not require special training, there currently are insufficient data to recommend dipstick urinalysis alone as a screen for UTI in febrile infants.
Providers within Intermountain Healthcare use an evidence-based care process model (EB-CPM) for management of the febrile infant aged 1 to 90 days. 3 The EB-CPM currently recommends urethral catheterization for dipstick urinalysis in combination with microscopy of centrifuged urine (here termed "combined urinalysis") to screen for UTI while urine culture is pending. Systemwide implementation of this EB-CPM was associated with improved infant outcomes and lower costs. 3 Additional opportunities may exist to reduce costs associated with the evaluation and management of febrile infants. We recognized the opportunity to evaluate urine-screening tests for UTI in a large population of febrile infants. Our objective was to compare performance characteristics of dipstick, microscopy, and combined urinalysis for UTI screening in febrile infants aged 1 to 90 days.
METHODS

Protection of Human Subjects
The institutional review boards of the University of Utah and Intermountain Healthcare (Salt Lake City, UT) approved this study and granted waiver of informed consent.
Setting
This retrospective observational study was performed at Intermountain Healthcare, a not-for-profit integrated health care system that provides care for ∼90% of Utah infants younger than 1 year. Subjects received care at 1 of 23 Intermountain Healthcare hospitals, including a tertiary pediatric referral center (Primary Children' s Hospital [PCH]); regional medical centers located in Salt Lake City, Ogden, Provo, and St George, Utah; and smaller Utah community hospitals. PCH and the regional medical centers provide care for most febrile infants. 3 Providers at these facilities include attending physicians specializing in pediatric emergency medicine, pediatrics, emergency medicine, and family medicine; midlevel providers; and supervised residents. Facilities used the same diagnostic technology and electronic record system throughout the study.
Identification of Febrile Infants
Febrile infants were identified from the Intermountain Healthcare Enterprise Data Warehouse (EDW). The EDW contains clinical, laboratory, and administrative data for all facilities. We used a prospectively validated definition for febrile infants based on age, reason for visit, admitting diagnosis, and International Classification of Diseases, Ninth Revision, and All Patient Refined Diagnosis Related Groups coding. 21 
Identification of Subjects for This Study and Data Collection
Subjects were febrile infants aged 1 to 90 days with an encounter at Intermountain Healthcare facilities between July 1, 2004, and December 31, 2011. All infants included in this analysis had catheterized urine dipstick, microscopic urinalysis, and urine bacterial cultures performed simultaneously. Any subjects with urine obtained by a method specified as bag specimen or suprapubic aspirate were not included. If multiple urinalysis tests were performed during an encounter, only the first urine specimen was included in analysis. All laboratory and culture results were obtained from the EDW. Outcomes of infants aged 29 to 90 days with UTI not identified by urine dipstick were obtained by review of the medical records (E.W.G.).
Definitions
Urine culture results were classified as positive for UTI, negative for UTI, or equivocal. Positive for UTI was defined as growth of $1 urine pathogens, each with a quantity of $50 000 colony forming units (CFUs) per mL. 11,22 Negative for UTI was defined as no bacterial growth or growth only of a contaminant. Contaminants were defined as low numbers (,10 000 CFUs per mL) of commonly identified skin or genitourinary flora such as coagulase-negative Staphylococcus, viridans streptococci, Corynebacterium species, and Micrococcus species and/or growth of multiple bacteria each with colony counts of ,10 000 CFUs per mL. Equivocal urine cultures were defined as growth of urine pathogens with quantities between 10 000 and 49 999 CFUs per mL. Subjects with equivocal results were excluded from analysis. The significance determination for each culture was made by a clinical microbiologist (E.K.K.) and a pediatric infectious diseases clinician (C.L.B.) and adjudicated by record review if required. Dipstick was considered positive if either leukocyte esterase or nitrite was positive. Microscopy was considered positive if under high-power microscopic field (HPF) the technician observed either .10 white blood cells (WBCs) or any bacteria. A positive combined urinalysis was defined as any positive finding for either dipstick or microscopy or both.
Laboratory Methods
Leukocyte esterase and nitrite were considered negative or positive including any result $trace, as determined by colorimetric interpretation of the dipstick by a semiautomated urine chemistry analyzer. Two methods of urine dipstick were used at the participating centers. A Siemens Multistix 8 SG dipstick interpreted on CLINITEK Advantus urine chemistry analyzer (Siemens Medical Solutions USA, Inc., Malvern, PA) was used at the PCH. All other facilities used an Aution 9EB strip interpreted on Aution AX-4280 urine chemistry analyzer (Iris Diagnostics, Chatsworth, CA). Microscopic tests (WBCs and bacteria) were performed using uniform standardized CLIA-certified methods on centrifuged urine specimens. A total of 10 mL of urine was centrifuged for 5 to 7 minutes at a relative centrifugal force of 400 g, and the technician averaged the findings of least 10 unstained HPFs under the 403 objective. WBCs were considered positive if the laboratory reported .10 WBCs per HPF. Bacteria were considered negative or positive including any $1 (rare) bacteria per HPF.
Statistical Analysis
Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated for each of the urinalysis methods against the gold standard of urine culture. Statistical calculations were made by using the ROCR package in R.13.1. 23 To compare the performance characteristics between methodologies, the z-statistic test for proportions was used. Dipstick urinalysis was compared with microscopic urinalysis and with the combination of dipstick and microscopic urinalysis. Comparisons were made for the entire cohort aged 1 to 90 days and 2 subgroups: infants aged 1 to 28 and those aged 29 to 90 days.
RESULTS
Between July 1, 2004, and December 31, 2011, we identified a total of 13 030 febrile infant encounters at Intermountain Healthcare facilities (Fig 1) . Of these, 6536 (50%) had all urine studies including dipstick urinalysis, centrifuged microscopic urinalysis, and urine culture performed. One hundred forty-two of 6536 infants (2%) had a urine culture meeting our definition of equivocal and were excluded from the primary analysis, leaving 6394 febrile infants aged 1 to 90 days for analysis. Of the infants included in analysis, 770 of 6394 (12%) had a urine culture meeting our definition of positive for UTI and 5624 had negative urine cultures. Of the 6394 infants, 1745 were aged 1 to 28 days (27%) and 4649 were 29 to 90 days old (73%). Most subjects (79%) were evaluated at PCH.
Performance Characteristics of Urine Screening Tests
Performance characteristics of the urine screening tests are presented in Table 1 Two of the 53 infants (3.8%) with normal dipstick testing had bacteremia with the same organism causing UTI (Table 2). Both were admitted to the hospital at the time of initial evaluation, one for poor feeding and irritability and the other for a peripheral WBC count .15 000, which is one of the Intermountain EB-CPM high-risk criteria. None of the 53 infants had positive cerebrospinal fluid cultures. There were no adverse outcomes identified in these 53 infants with subsequent identification of UTI after initial negative dipstick screening.
Prediction of Outcomes on the Basis of Test Performance
Given the UTI prevalence in a population and screening test performance characteristics, we calculated the expected outcomes in a hypothetical cohort on the basis of institutional treatment paradigms. 
FIGURE 1
Flow diagram of included infants. Urine tests included dipstick urinalysis, centrifuged microscopic urinalysis, and urine culture.
Regardless of the UTI screening method used, a small number of UTIs in febrile infants aged 1 to 90 days will initially be missed. Febrile infants in our study with UTI and negative dipstick screening did not experience adverse outcomes. Eighty-three percent of the infants aged 29 to 90 days with UTI and false-negative dipstick were admitted on initial encounter. The infants who were discharged after the initial evaluation were given instructions for observation in the outpatient settings, decreasing the risk of unrecognized progression of their infection. The urine culture results were positive in ,24 hours, and infants returned for additional evaluation and treatment in most cases. The expected rapid turnaround time for urine cultures offers the opportunity for close follow-up and initiation of antimicrobial therapy if indicated.
The risk of failing to identify UTI at initial encounter should be balanced with clinical risks to the patient and the potential increase in health care expenditures associated with incorrectly predicting UTI when none exists. Our data suggest that false-positive screens for UTI will be higher in febrile infants when urine microscopy is routinely performed.
Up to 8 febrile infants aged 29 to 90 days would be predicted to have the additional health care utilization associated with a false-positive UTI diagnosis for every 1 infant with true UTI not identified by dipstick at the time of initial evaluation.
No urine-screening test was completely accurate in predicting UTI in our population. In addition, urine screening is not the only factor used to guide the management of febrile infants. Clinical appearance, other laboratory test results, health system, and social and geographic factors are also used in determining the disposition of febrile infants aged 29 to 90 days. Our data revealed that 83% of infants found to have UTI after normal dipstick screen, were admitted to the hospital at the time of initial evaluation. Microscopy also adds additional cost to the evaluation of the febrile infant and may also increase length of stay in the emergency department while awaiting results.
Although our study population had a prevalence of UTI (12%) similar to populations from previous publications, 5, 24, 25 there are some differences in urinalysis test performance. The 90.8% sensitivity of laboratoryperformed dipstick in this study is higher than previous estimates of 75% to 85%. 9, 16, 26, 27 However, these other studies defined UTI at a lower threshold of $10 000 CFUs per mL and/or emphasized infants and children older than 90 days.
Our study has several limitations. Data analysis was retrospectively performed from a data set collected for other purposes. 3 Patients without urine culture or for whom both urine dipstick and microscopy were not performed were not included. Subjects with urine cultures considered indeterminate were excluded from analysis. Our use of centrifuged urine specimens for microscopy has been reported elsewhere 9 but differs from other methods 16 and does not include urine Gram-stain. 28 Dipstick was performed in the clinical laboratory and automated colorimetric interpretation was used. The results may not be the same in pointof-care settings using visual dipstick interpretation. Although we excluded subjects with bag urine-labeled specimens, the limitations of the EDW did not allow us to confirm all samples obtained by urethral catheterization.
We assume very few, if any, specimens were obtained by a method other than urethral catheterization because of the EB-CPM. Because UTI was defined by culture results alone and some of the subjects with UTI did not have pyuria, one may raise the question of asymptomatic bacteriuria. However, we believe very few, if any, of the infants in this study were asymptomatic because subjects were identified in the EDW by using a definition for fever and other diagnostic codes. 21 A potential criticism of this analysis is that it does not include a subanalysis of cutoff points for microscopy. However, we elected to analyze urine microscopy by using the cutoffs used in the EB-CPM.
Our study is also limited by lack of chart review of all subjects, preventing an analysisofurinalysistestperformanceby clinical appearance. AlthoughourEB-CPM is specifically written for well-appearing infants, the inclusion of ill-appearing infants would be expected to both increase the prevalence of UTI and result in an underestimate of NPV, which would strengthen rather than weaken our conclusions. Data are presented as n (%) unless otherwise indicated. CBC, complete blood count.
CONCLUSIONS
